This paper presents a simple theory of schooling systems based on the assumption that schooling systems produce two kinds of human capital: a general ability-enhancing knowledge referred to as "education", and many types of skill-specific knowledge referred to as vocational "training". The theory predicts that the differentiation of supply of training leads to the expansion of general education as well as training. If skill-specific talents can be detected later than the general ability, early sorting of pupils by ability will not be efficient. The duality and efficiency of school production is illustrated by a sample of 16 schooling systems of industrialised countries.
Introduction
The aim of the present paper is to provide a simple theory and description of schooling systems from an economic perspective. The theory distinguishes between education and training, which may be combined in various proportions by schooling systems for the production of differentiated skills. The description is based on a core-sample of sixteen industrialised countries which was determined by the availability of comparable data from various sources and the answers given by education experts to a questionnaire tailored to our needs 1 . The sixteen countries forming our sample are Austria, Canada, France, Germany, Greece, Hungary, Italy, Japan, Netherlands, Norway, Portugal, the Russian Federation, Spain, Sweden, UK, USA.
The considerable differentiation typically observed in schooling systems is inconsistent with the assumption of homogeneous human capital made in much of economic literature. Thus section 2 presents a simple economic theory of schooling systems relaxing this assumption and making an important distinction between the provision of general education and vocational training. In section 3, we show a variety of indexes of average education, skill (human capital at market value), and types of differentiation and screening for our main sample of sixteen countries. Then section 4 relates productive efficiency at country level with the differentiation of schooling systems. Our main conclusions are summarised in section 5.
A simple theory of schooling systems
A schooling system is the institution which allocates social knowledge primarily to young individuals. Drawing on Becker's (1964) seminal distinction between general and specific human capital, we may say that schooling provides both general knowledge and occupationspecific knowledge. General knowledge can be used in all firms and all occupations, while occupation-specific knowledge can be used in all firms but only in specific occupations (note that firm-specific knowledge cannot be provided by the schooling system). We focus our attention here on the dual provision of general and occupation-specific, i.e. vocational, knowledge by schooling systems above the common-core syllabus.
The standard assumption of homogeneous human capital and capacities tends to understate the extent of optimal differentiation of schooling systems 2 . Under this standard assumption, a differentiated schooling system would be described as a common-core syllabus followed by a variety of vocational curricula of optional length. But this is not a good description of what schooling systems actually offer. What is being observed is that students may decide to receive further general education before they engage in vocational training.
Further education is seen as a general but optional prerequisite for enhancing the acquisition of skills by vocational training.
The basic model
It will be assumed that the schooling system provides, above the common-core education, both further general education E and a variety of skill-specific training ) ,..., 1 ( ,
price. Each pupil combines school inputs with his own capacities to embody one of the s differentiated skills i S . We write the skill i's individual production function as
where i t (>0) is a given i-specific capacity, called "talent", ) (E A designates the individual's general ability, and 1 0 < < β
. The crucial assumption we make is that the general ability is not entirely given by birth and cultural transmission, but also captures the learning skill acquired
The general learning skill uniformly raises the marginal productivity of training in the acquisition of all non-learning skills. It is assumed to be a non-decreasing concave function of the amount of further education, for instance
The parameter a describes the student's cognitive ability by the end of the common-core education.
We shall further assume that there are a small number of paths leading to the production of any skill due to large set-up costs in the production of education. For instance, E might only take two values, 0 or 1, if students are given a choice among pure training and one period of general education followed by training. We do not make the same assumption for training because training is partly supplied by firms as a joint product of their activity. Thus, the amount of training is chosen optimally by each individual. Finally, we assume decreasing marginal returns on both education and training, and the Inada condition
. The rational behaviour of a student is described by the choice of skill type i and school inputs E and i T which maximise the net returns from his general education and vocational training on the discrete set of educational options ) ,...,
subject to (1), (2), (3), and non-negativity constraints on the amount of training . For space limitations, all proofs are omitted here but can be found in our working paper (4) has intuitive appeal. Students' rational behaviour may be described as if they first chose the specific occupation for which they have more (nominal) talent. Then, they choose the optimal mix of education and training conditional on this choice of occupation. The main proposition follows:
If cognitive abilities and skill-specific talents differ among students but are perfectly known both by themselves and by schools, it is not optimal to sort students into the more general and the vocational path on the basis of their cognitive ability alone. The optimal sorting rule is described by the following condition, which combines information on cognitive ability and skill-specific talents:
( )
Moreover, students who prefer the education-cum-training path always engage in longer specific training and, a fortiori, in longer studies than those engaged in pure training. The latter prediction is in line with countless observations of complementarity between education and training. Besides, since the more talent a student has for a skill, the more he will be inclined to opt for education (proposition1), this has an important corollary:
COROLLARY
The differentiation of vocational studies increases the demand for general education (and longer studies), for given distributions of cognitive abilities and skill-specific talents.
We believe that this corollary provides a strong and, to some extent, new rationale for the vocationalisation and lengthening of studies, as well as the "massification" of further general education that took place in industrialised countries.
Screening
In actual practice, schools and universities screen students who are not perfectly aware of their cognitive ability and skill-specific talents. Because the general ability applies to a great many tasks, it will often be detected early in the course of common-core (i.e. primary and lower secondary) education. On the other hand, the assessment of an individual's return-maximising skill-specific talent must often await the later differentiation of curricula since each talent can only be detected on a single set of tasks. The present discussion is summarised by the following assumption: ASSUMPTION Students' return-maximising skill-specific talents cannot be detected as early as their cognitive ability.
The presence of a lag between the times when general ability and talents can be detected precisely generates a trade-off between the first-best choices of education and skill.
PROPOSITION 2
As far as education is concerned, early screening by general ability is optimal as soon as this can be detected. However, such early screening is inefficient as far as the production of skills is concerned, for which screening should occur later on.
The postponement of screening until the upper secondary level, where talents can be assessed with some precision, has often been advocated as a means of reducing inequality.
However it may also be justified for efficiency reasons if abilities and talents are not strongly correlated. Its adoption by market economies entails a vocationalisation of schools at the relative expense of general education. Thus our theory relates the potential "decline of educational standards" to the postponement of differentiation by ability until occupationspecific talents can be assessed.
An economic description of schooling systems
In order to show the relevance of our theoretical distinction between education and training for understanding the productive efficiency of schooling systems, we must measure these two outputs of schooling systems and how the latter differentiate in matching heterogeneous capacities and skills. The appropriate indicators have been derived from available statistics and the answers of selected education experts to a questionnaire. Twenty-three experts 4 from sixteen OECD countries filled this questionnaire in 1997. These sixteen countries form the main sample that will be used below for statistical analysis.
The production of education and skills
Average scores obtained in standardised tests are commonly taken to be good indicators of school performance, assuming that the distribution of abilities between pupils is the same in all countries. However, the theoretical discussion of section 2 makes it clear that they are not concerned with vocational training and essentially describe the average level of the general ability produced by general education. A better indicator of market skills, or total human capital per pupil, should reflect the market value of school outputs.
(Insert table 1 about here)
Various measures of the production and distribution of human capital (education-cum-training) and its education component appear in While all of the sampled countries have undergone positive, and often substantial, growth in one generation, education experts frequently expressed the opinion that educational standards had
declined. An interpretation of the latter's perception will be given in section 4. Finally, this description of the output of schooling systems is completed in column 5 by the scores obtained in standardised mathematics and science tests by pupils at grade seven (SCORE), who are theoretically thirteen years old. These results were gathered in 1994-95 for a sample of 24 countries by the International Association for the Evaluation of Educational Achievement in its third international study on mathematics and science. These countries include our own sample of 16 countries, with the exception of Italy. We consider this last variable to be a good aggregate index of the general ability produced by education.
(Insert figure 1 about here)
Clearly, HTOT and SCORE do not describe the same schooling output. The rank correlation (Spearman's rho) between these two variables is only 0.134 (n=14) and the assumption that they are stochastically independent cannot be rejected. By plotting these two variables along two axes, Figure 1 shows that a parabolic relation would fit the data better than a straight line 6 .
Greece, Portugal, and Spain, which are the least developed countries of the sample, rank low along the two dimensions, Japan is clearly the highest performer in the production of education and Norway has the lead in the production of skills. If the three low-performers were left out of the diagram, the slope would even become slightly negative. Whereas differences in opportunities generate a positive correlation of education and skills, a negative correlation between education and skills emerges from distinctive patterns of differentiation across countries.
Differentiation and screening
If we use our theoretical distinction between one single general ability and many kinds of occupation-specific talents, we see that the sorting of students, whether it is by ability or by talent, must produce sharply different social outcomes. Since general ability as opposed to occupation-specific talents possessed by an individual determines the extent of his market opportunities, only the differentiation by ability unambiguously produces a ranking of students.
We may speak of "vertical" differentiation on one hand and "horizontal" differentiation on the other hand. In our questionnaire, the amount of vertical differentiation is attested by the use of three potential means of sorting students by their general ability: a standardised test, grades and the reference of the school. The amount of horizontal differentiation can be traced by the use of two common means of assessing occupation-specific talents: preferences of the family or the student, and choice of optional courses. These five criteria of differentiation were listed separately by experts for lower secondary and upper secondary levels. This information is summarised below by table 2, which indicates the frequency of use of each of these means of differentiation in our sample of sixteen countries 7 .
(Insert table 2 about here)
The first three columns indicate that the vertical differentiation of students is equally present in the lower and the upper levels of secondary schooling and the last two indicate that horizontal differentiation prevails at the upper level. This shows that education takes place at both levels and training eventually starts at the upper level. Moreover, the figures demonstrate that sorting by ability dominates sorting by talent in the lower level, while the reverse is true in the upper level. This is consistent with our assumption that the general ability can be detected rather early but the occupation-specific talents can hardly be known before the specific training has taken place.
Another proof of the last assertion can be found in the increased severity of screening between the lower and upper levels of secondary education. Screening scores have been derived from our The addition of frequencies of use for all five means of differentiation yields country scores of total differentiation at the two levels of secondary education (DIFLOW, DIFUP).
Total differentiation increases with level without exception. This picture is confirmed by a t-test
of difference between the means of the lower and the upper levels. The mean scores of total differentiation are 1.2 for the lower level and 2.2 for the upper level, and they are unequal at the 5% confidence level (t = 2.168, d.f. 30) 10 . This result is consistent with the theoretical prediction that students should be sorted by a combination of ability and talents, which optimally requires postponement of differentiation until talents can be assessed with sufficient precision. Figure 2 plots the total differentiation scores at the two levels of secondary education. It separates two groups of countries without ambiguity. Canada, Greece, Italy, Japan, Norway, Portugal and Spain have no differentiation of any kind at the lower secondary level (DIFLOW=0). These countries have in common that all pupils must follow a common-core syllabus from the time of entry into primary education to the end of compulsory education (Lassibille, Navarro-Gomez 2000) . At the other end of the spectrum, France, Germany, the Netherlands and the USA are strongly differentiated at both levels of secondary education. In between, lie countries which may be further classified in two groups by closer inspection. Hungary and Sweden offer no kind of horizontal differentiation. Austria, Russia and the UK form a residual group of average differentiation, whether we take the distribution of total differentiation between levels or between vertical and horizontal means.
(Insert figure 2 about here) 
The productive efficiency of schooling systems
In this section we test two implications of our theory of schooling systems, namely proposition 2 and the corollary of proposition 1: a) Since ability can be detected earlier than talents, it is not optimal to make an intensive use of differentiation too early, say at the lower secondary level, for producing skills. However, it will be optimal to do so for producing education; b) Horizontal differentiation enhances the aggregate demand for general education and training. given by OECD (1996: table P32 (public and private)). This is positively related to early differentiation if education expenditures are constrained. For a given budget, larger class size is the price for having more differentiation that obviously uses more teachers 11 . Therefore, DIFLOW and STTPRIM both capture aspects of early differentiation and have a negative effect (significant at the 5% level) on DECLINE. Indeed, the selected experts did not stress the decline of educational standards in France, Germany and the Netherlands which have strongly earlydifferentiated schooling systems on both accounts. The converse is true for Italy.
A first set of results
By introducing the level of human capital one generation back in the regressions, the dynamics of education and human capital can be analysed. The coefficient of this variable is positive and smaller than one in column 1, but close to one in column 2. These results suggest the convergence of the human capital or skill output of schooling systems but the lack of convergence of the education output. For instance, 
A second set of results
Our first results may be open to criticism in that they are based on a small sample of countries and on qualitative or even subjective explanatory variables. Fortunately, we were able to replicate, on a larger sample and with more and well-accepted indicators, the regression analysis concerning the scores obtained in standardised mathematics and science tests (SCORE)
by pupils in grade seven and grade eight. Twenty-four countries are included in this analysis, encompassing the sixteen countries of our main sample. In the twelve "non-differentiated" systems 12 , all the pupils had normally completed the same curriculum when they took the tests;
while the pupils in the twelve "differentiated" systems 13 had been sorted into several streams after completing the common-core syllabus (see Lassibille and Navarro-Gomez (2000) for a full description of the differentiation and other variables). On average, pupils in differentiated systems perform better than pupils in non-differentiated systems. For example, at grade seven, pupils in the first systems achieved a score of 502, while the second achieved only 477.
In order to show the extent to which the characteristics of the two systems affect pupils' achievement, in Table 5 we regress the mathematics test scores in grades seven and eight on the following "objective" variables: the ratio of the length of common-core syllabus to the length of compulsory education (an index of non-differentiation of systems which takes value 1 for "nondifferentiated" systems and values smaller than one for "differentiated" systems), the pupil/teacher ratio, the instructional time from the first year of primary education up to the age when pupils took the tests, the percentage of pupils enrolled in the private sector, and the degree of decentralisation of systems, estimated on the basis of the share of central government funding. The test scores in the seventh and eighth grades are adjusted within the framework of a fixed-effect model. To take into account the correlation between the results obtained in each grade, the variance-covariance matrix is corrected for heteroscedasticity by clustering observations by country (see, for example, Greene 1997) . Given the availability of data, the estimation covers fourteen countries, yielding twenty-eight observations. Among these, seven countries have differentiated and seven have non-differentiated education systems.
(Insert table 5 about here)
Differentiated systems obtain better results than non-differentiated systems, all things being equal. The effect of the structure of the system is far from negligible, as the timing of differentiation of pupils into streams explains about 15 percent of the difference in scores between pupils. Since the differentiation index retained here is mainly concerned with early (vertical) differentiation, this finding confirms the results obtained in table 4 (column 2), namely that early differentiation is good for education. The generally accepted idea among educators that non-differentiated systems are the best way to maximise the production of education is probably wrong. Even the superiority of these systems for reducing social inequalities at an early age seemed questionable in table 4.
The results in Table 5 also show that the pupil/teacher ratio has a negative impact on pupils' scores after allowing for differentiation. This result is similar to those obtained by other studies (see, for example, Hanushek 1986 ). The total number of school hours, which differs widely across countries, has no significant effect on achievement in mathematics. However, the instructional time in primary education explains the good performance of certain countries better than the instructional time in secondary education. These results confirm that marginal returns are decreasing in the acquisition of learning skills. Furthermore, the regression results indicate that countries where private education is more widespread perform significantly better than countries where it is more limited. Once again, private education widens the choice set of families and children and thus operates like another kind of differentiation by choice (this point is developed in Damoiselet and Lévy-Garboua 2000, 2001) . Finally, centrally managed education systems perform as well as decentralised ones, after controlling for differentiation.
Conclusion
This paper has made a basic distinction between general education and vocational training.
Education contributes to the production of the learning skill, which is a general investment for producing many other sorts of occupation-specific skills in combination with specific training.
The diversity of marketable skills introduces a policy trade-off for schooling systems between education and non-learning skills. If the objective was to maximise the net returns to education alone, students should be sorted by their cognitive ability alone. But if the objective is to maximise the net returns to both education and many kinds of specific training, then students should be given an option to receive further general education before they engage in vocational training and be sorted between these alternative paths according to some combination of their cognitive ability and occupation-specific talents. Early differentiation is good for education but is bad for the production of skills. Furthermore, the horizontal differentiation of schooling systems at a later stage induces a rising demand for both education and training. OECD (1996) and UNESCO (1996) for instructional time; UNESCO (1996) for the size of private sector; OECD (1996) for the degree of centralisation. 2 Some amount of differentiation is optimal, even if human capital and capacities are assumed homogeneous, when students differ in capacities (see Damoiselet 1998) . 4 Since the list of topics reflected the economic issues raised by schooling systems, due weight was given to their economics background in the selection of experts.
5 See Damoiselet and Lévy-Garboua (2000, 2001 ) for a detailed description of this indicator. 6 This statement is unambiguously supported by the data. We regressed SCORE on a quadratic function of HTOT and found strong non-linearity. 7 Frequencies may vary by steps of 0.5 because, in some countries, two experts responded to the questionnaire independently and disagreed in their answers.
8 "Down-streaming" means that a student may switch from a higher education level to a lower education level. "Class repeating" means that a student will not be given access to the next level if he does not meet the academic requirements. Lastly, "drop-out" describes a student leaving an institution of education without a diploma or certificate. 9 0 -never, 1 -not very often; 2 -sometimes; 3 -frequent; 4 -very frequent. 10 This index of total differentiation gives more weight to ability than talent since the questionnaire mentions three criteria of vertical differentiation and only two criteria of horizontal differentiation. An equal weighting of the two kinds of differentiation would still reinforce our conclusion. 11 The substitution between differentiation and the reduction of class size is further attested by the absence of correlation between the expenditure per student and the ratio of students to teaching staff at
